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FUEL DILUTION METHODS AND 
APPARATUS FOR NOX REDUCTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of US. patent 
application Ser. No. 09/547,769 ?led on Apr. 12, 2000 Which 
claims bene?t of provisional application No. 60/161,536 
?led on Oct. 26, 1999. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to fuel dilution methods and 

apparatus for reducing the production of nitrogen oxides 
during the combustion of fuel gas and combustion air. 

2. Description of the Prior Art 
Nitrogen oxides (NOx) are produced during the combus 

tion of fuel-air mixtures at high temperatures. An initial, 
relatively rapid reaction betWeen nitrogen and oxygen 
occurs predominantly in the combustion Zone to produce 
nitric oxide in accordance With the reaction N2+O2—>2NO. 
The nitric oxide (also referred to as “prompt NOx”) is further 
oxidiZed outside the combustion Zone to produce nitrous 
oxide in accordance With the reaction 2NO+O2Q2NO2. 

Nitrogen oxide emissions are associated With a number of 
environmental problems including smog formation, acid 
rain and the like. As a result of the adoption of stringent 
environmental emission standards by government authori 
ties and agencies, methods and apparatus to suppress the 
formation of nitrogen oxides in ?ue gases produced by the 
combustion of fuel-air mixtures have been developed and 
used heretofore. For example, methods and apparatus 
Wherein fuel is burned in less than a stoichiometric concen 
tration of oxygen to intentionally produce a reducing envi 
ronment of CO and H2 have been proposed. This concept has 
been utiliZed in staged air burner apparatus Wherein the fuel 
is burned in a de?ciency of air in a ?rst Zone producing a 
reducing environment that suppresses NOx formation, and 
then the remaining portion of air is introduced into a second 
Zone. 

Other methods and apparatus have been developed 
Wherein ?ue gases are combined With fuel or fuel-air mix 
tures in burner structures to thereby dilute the mixtures and 
loWer their combustion temperatures and the formation of 
NOx. In another approach, ?ue gases have been recirculated 
and mixed With the combustion air supplied to the burner 
upstream of the burner. 

While the above described techniques for reducing NOx 
emissions With ?ue gas have been effective in reducing NOx 
formation and ?ue gas NOx content, there are certain dis 
advantages and draWbacks associated With them. For 
example, in converting existing furnaces (including boilers) 
to ?ue gas recirculation, the modi?cation or replacement of 
the existing burner or burners and/or combustion air bloWers 
and related apparatus is often required. The modi?cations 
often result in increased ?ame spread and other combustion 
Zone changes Which require internal alterations to the fur 
naces in Which modi?ed burners are installed. The changes 
and modi?cations required often involve substantial capital 
expenditures, and the modi?ed furnaces and burners are 
often more difficult and costly to operate and maintain than 
those they replaced. 

Thus, there are continuing needs for improved methods 
and apparatus for reducing NOx formation and emissions in 
and from existing furnaces Without the substantial modi? 
cations and expenditures Which have heretofore been 
required. 
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2 
SUMMARY OF THE INVENTION 

The present invention provides methods and apparatus 
Which meet the needs described above and overcome the 
de?ciencies of the prior art. The methods of the present 
invention for reducing the content of nitrogen oxides in the 
?ue gases produced by the combustion of an at least sub 
stantially stoichiometric mixture of fuel gas and combustion 
air introduced into a burner connected to a furnace are 
basically comprised of the folloWing steps. The combustion 
air is conducted to the burner, and a mixing chamber is 
provided outside of the burner and furnace for mixing ?ue 
gases from the furnace and a How motivating gas With the 
fuel gas. The fuel gas is discharged in the form of a fuel jet 
into the mixing chamber so that ?ue gases from the furnace 
are draWn into the chamber and mixed With and dilute the 
fuel gas therein. A How motivating gas such as steam is also 
discharged in the form of at least one jet into the mixing 
chamber so that additional ?ue gases from the furnace and 
additional fuel gas, if needed, are draWn into the mixing 
chamber and mix With each other and the How motivating 
gas. The ?ue gases, ?oW motivating gas and fuel gas mixture 
formed in the mixing chamber is conducted to the burner 
Wherein the mixture is combined With the combustion air 
and burned in the furnace. 
The apparatus of this invention can be integrated into an 

existing burner-furnace system Without substantially modi 
fying or replacing existing burners, air bloWers and the like 
and reduces the content of nitrogen oxides in the ?ue gases 
produced by the combustion of fuel gas and combustion air 
in the furnace. At most, the burners may require minor 
modi?cations to accommodate the increased mass and 
reduced pressure of the ?ue gases, ?oW motivating gas and 
fuel gas mixture, e.g., the replacement of the burner tips. 
The apparatus is basically comprised of a mixing chamber 

Which is separate from the burner and furnace for mixing 
?ue gases from the furnace and How motivating gas With the 
fuel gas prior to When the fuel gas is conducted to the burner. 
The mixing chamber includes a fuel gas inlet for connection 
to a fuel gas conduit and for forming a fuel jet Within the 
mixing chamber, a ?ue gases inlet positioned so that ?ue 
gases are draWn into the chamber by the fuel jet, a How 
motivating gas inlet for forming a jet Within said ?rst 
chamber so that additional ?ue gases and additional fuel gas, 
if needed, are draWn into the mixing chamber and a ?ue 
gases, ?oW motivating gas and fuel gas mixture outlet. A?ue 
gases conduit for connection to the furnace is connected to 
the ?ue gases inlet of the chamber. A How motivating gas 
conduit for connection to a source of the How motivating gas 
is connected to the How motivating gas inlet of the mixing 
chamber, and a ?ue gases, ?oW motivating gas and fuel gas 
mixture conduit for connection to the burner is connected to 
the ?ue gases, ?oW motivating gas and fuel gas mixture 
outlet of the chamber. 

It is, therefore, a general object of the present invention to 
provide fuel dilution methods and apparatus for NOx reduc 
tion. 

Other and further objects, features and advantages of the 
invention Will be readily apparent to those skilled in the art 
upon a reading of the description of preferred embodiments 
Which folloWs When taken in conjunction With the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevational vieW of a ?ue gases and fuel 
gas mixing chamber of the present invention. 

FIG. 2 is a side cross-sectional vieW of the mixing 
chamber of FIG. 1. 
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FIG. 3 is a schematic illustration of the apparatus of the 
present invention connected to a conventional burner and 
furnace. 

FIG. 4 is a schematic illustration of the apparatus of the 
present invention Which is the same as FIG. 3 except that a 
mixing chamber for mixing a ?oW motivating gas With the 
?ue gases from the furnace is included connected to the ?ue 
gases conduit. 

FIG. 5 is a schematic illustration of the apparatus of the 
present invention Which is the same as FIG. 3 except that a 
second ?ue gases conduit is connected betWeen the furnace 
and the air bloWer. 

FIG. 6 is a schematic illustration of the apparatus of the 
present invention Which is the same as FIG. 3 except that it 
includes both a mixing chamber for mixing a ?oW motivat 
ing gas With the ?ue gases from the furnace connected to the 
?ue gases conduit and a second ?ue gases conduit connected 
betWeen the furnace and the air bloWer. 

FIG. 7 is an enlarged, side cross-sectional vieW of the 
mixing chamber for mixing ?oW motivating gas With the 
?ue gases from the furnace shoWn in FIGS. 4 and 6. 

FIG. 8 is a cross-sectional vieW taken along line 8—8 of 
FIG. 7. 

FIG. 9 is an enlarged side cross-sectional vieW of the 
mixing chamber for mixing ?ue gases from the furnace and 
?oW motivating gas With the fuel gas shoWn in FIGS. 3 
through 6. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention provides methods and apparatus for 
reducing the content of nitrogen oxides in the ?ue gases 
produced by the combustion of fuel gas and combustion air 
introduced into a burner connected to a furnace. The appa 
ratus of this invention can be added to a furnace having one 
or more burners connected thereto or to a plurality of such 
furnaces Without replacing existing combustion air fans or 
bloWers and Without substantially modifying or replacing 
the existing burners. The apparatus is simple and can be 
readily installed Which reduces furnace doWn time and 
installation costs. More importantly, the methods and appa 
ratus of this invention are more effective in reducing NOx 
production than prior methods and apparatus and are more 
e?icient in operation. 

The methods and apparatus utiliZe recirculated ?ue gases 
Which are thoroughly mixed and blended With the fuel gas 
thereby diluting the fuel gas Well before it is introduced into 
one or more burners connected to a furnace. The ?ue gases 
diluted fuel gas is mixed With combustion air in the burner 
and combusted therein and in the furnace at a loWer ?ame 
temperature and more uniform combustion is achieved. Both 
of these factors contribute to reduce the formation of prompt 
NOx Which is generally not achieved to the same degree by 
the prior art. 

Referring noW to the draWings, and particularly to FIGS. 
1 and 2, a mixing chamber apparatus of the present invention 
is illustrated and designated by the numeral 10. The mixing 
chamber 10 includes a gas receiving compartment 12 having 
a fuel gas inlet connection 14 for connection to a fuel gas 
conduit 16 and a ?ue gases inlet connection 18 for connec 
tion to a ?ue gases conduit 20. The mixing chamber also 
includes a venturi tube 22 sealingly attached over an open 
ing 24 in the gas receiving compartment 12 opposite the fuel 
gas inlet connection 14. As shoWn in FIG. 2, the fuel gas 
inlet connection 14 includes a noZZle portion Which extends 

15 

25 

35 

45 

55 

65 

4 
into the gas receiving compartment 12 so that a fuel jet 25 
is formed therein Which extends into and through the venturi 
section 26 of the venturi tube 22. As is Well understood by 
those skilled in the art, the ?oW of the fuel jet 25 through the 
venturi section 26 creates a pressure drop in the gas receiv 
ing compartment 12 Which causes ?ue gases to be draWn 
through the ?ue gases conduit 20 into the gas receiving 
chamber 12, through the venturi section 26 of the venturi 
tube 22 and into the doWnstream mixing section 28 thereof. 
The ?ue gases draWn into the mixing chamber 10 are 
thoroughly mixed With the fuel gas therein and are dis 
charged from the mixing chamber 10 by Way of a ?ue 
gases-fuel gas mixture outlet connection 30 to Which a ?ue 
gases-fuel gas mixture conduit 32 is connected. 

Referring noW to FIG. 3, an alternate embodiment of 
mixing chamber for mixing ?ue gases and a ?oW motivating 
gas With the fuel gas is shoWn and generally designated by 
the numeral 11. The mixing chamber 11 is schematically 
illustrated operably connected to a furnace 34 having a 
burner 36 connected thereto. As shoWn in FIG. 3, the mixing 
chamber 11 is connected to a fuel gas inlet conduit 15, the 
other end of Which is connected to a source of pressuriZed 
fuel gas; to a ?ue gases conduit 19, the other end of Which 
is connected to the furnace 34 (more particularly to the ?ue 
gases stack 38 thereof); to a ?oW motivating gas inlet 
conduit 31, the other end of Which is connected to a source 
of ?oW motivating gas; and to a ?ue gases, ?oW motivating 
gas and fuel gas mixture conduit 33, the other end of Which 
is connected to the fuel gas inlet connection of the burner 36. 
A?oW control valve 40 is disposed in the ?ue gases conduit 
19 for controlling the volume ratio of ?ue gases mixed With 
fuel gas in the mixing chamber 11, and a ?oW control valve 
41 is disposed in the ?oW motivating gas inlet conduit 31 for 
controlling the volume ratio of ?oW motivating gas mixed 
With the fuel gas in the mixing chamber 11. A source of 
combustion air, e.g., a combustion air bloWer 42, is con 
nected to a combustion air conduit 44, the other end of Which 
is connected to the burner 36. The ?oW motivating gas is 
preferably steam, but other gases can be used in the place of 
the steam such as air, nitrogen, carbon dioxide and the like. 

Referring noW to FIG. 9, the mixing chamber 11 is 
illustrated in detail. The mixing chamber 11 includes a gas 
receiving compartment 21 having a fuel gas inlet connection 
9 connected to the fuel gas inlet conduit 15, a ?ue gases inlet 
connection 17 connected to the ?ue gases inlet conduit 19 
and a ?oW motivating gas inlet connection 23 connected to 
the ?oW motivating gas inlet conduit 31. The mixing cham 
ber 11 is divided into tWo compartments, 21 and 27 by a Wall 
29. The Wall 29 includes a central opening 35 formed therein 
and the fuel gas inlet connection 9 includes a noZZle portion 
13 Which extends through the compartment 21 and into the 
opening 35 so that a fuel jet 25 (shoWn by arroWs) is formed 
at the end of the noZZle portion 13. The compartment 21 
receives ?ue gases conducted thereto by the ?ue gases 
conduit 19 and the compartment 27 receives the ?oW 
motivating ?uid conducted thereto by the conduit 31. An 
annular de?ector 37 is sealingly attached to the Wall 29 over 
the opening 35 Which extends into the compartment 27. A 
venturi tube 39 is sealingly attached through an opening 45 
in the compartment 27 so that the fuel jet 25 formed by the 
noZZle portion 13 of the fuel gas inlet connection 9 extends 
into and through the venturi section 60 of the venturi tube 
39. The open inlet end 47 of the venturi tube 39 extends over 
the outside surface of the annular de?ector 37 so that ?oW 
motivating gas from the compartment 27 ?oWs through a 
narroW annular space betWeen the de?ector 37 and the 
surface 47 of the venturi tube 39 and is formed into an 
annular jet Within the venturi tube. 
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In operation of the mixing chamber 11, the ?oW of the fuel 
jet 25 through the venturi section 60 of the venturi tube 39 
creates a pressure drop in the ?ue gases receiving compart 
ment 21 Which causes ?ue gases to be draWn through the ?ue 
gases conduit 19 into the ?ue gases compartment 21, 
through the venturi section 60 of the venturi tube 39 and into 
the mixing compartment 43 thereof Where the ?ue gases and 
fuel gas are thoroughly mixed. Simultaneously, the ?oW of 
the annular ?oW motivating gas jet formed in the venturi 
tube 39 increases the pressure drop of the ?ue gases in the 
compartment 21 and the ?oW of ?ue gases into the venturi 
tube 39. At the same time, if the fuel gas pressure in the 
conduit 15 and the noZZle portion 13 of the connection 9 is 
loW, the annular ?oW motivating gas jet produces a pressure 
drop in the fuel gas noZZle portion 13 and the fuel gas inlet 
conduit 15 and causes additional fuel gas to be draWn into 
the venturi tube 39. The ?oW motivating gas injected into the 
venturi tube 39 mixes With the ?ue gases and fuel gas in the 
mixing compartment 43 thereof and ?oWs into the conduit 
33 Which conducts the mixture to the burner 36 (FIG. 3). The 
introduction of the ?oW motivating gas, e.g., pressuriZed 
steam, into the mixing chamber 11 also increases the pres 
sure of the mixture of ?oW motivating gas, ?ue gases and 
fuel gas conducted to the burner 36. The increased pressure 
has the bene?cial effect of alloWing the mixture of ?oW 
motivating gas, ?ue gases and fuel gas Which has a greater 
mass than fuel gas alone to be handled and burned by the 
burner 36 Without the necessity of making modi?cations 
thereto. 

Referring again to FIG. 3, combustion air produced by the 
combustion air bloWer 42 is conducted by the conduit 44 to 
the burner 36 and fuel gas is conducted by the conduit 15 to 
the mixing chamber 11. The amounts of fuel gas and 
combustion air are controlled by conventional ?oW control 
valves and controls or other similar apparatus (not shoWn) so 
that at least a substantially stoichiometric mixture of fuel gas 
and combustion air is introduced into the burner 36. As 
described above, the fuel gas forms a fuel jet in the mixing 
chamber 11 so that ?ue gases from the furnace are draWn 
into the mixing chamber 11 and are mixed With and dilute 
the fuel gas therein. Simultaneously, ?oW motivating gas 
conducted to the mixing chamber 11 forms at least one jet, 
preferably an annular jet as described above, so that addi 
tional fuel gas, if needed, and ?ue gases are draWn into the 
mixing chamber 11. Additional fuel gas is often needed in 
applications Where only loW pressure fuel gas is available, 
e.g., ?re tube boilers Which use loW pressure fuel gas. As 
mentioned, steam is the preferred ?oW motivating gas, but if 
steam is not available, another ?oW motivating gas Which is 
available can be utiliZed in the place of the steam such as air, 
nitrogen or carbon dioxide. The resulting mixture of ?ue 
gases, ?oW motivating gas and fuel gas formed in the mixing 
chamber 11 is conducted to the burner 36 by the conduit 33. 
The combustion air conducted to the burner 36 by the 
conduit 44 and the ?ue gases, ?oW motivating gas and fuel 
gas mixture conducted thereto by the conduit 33 are mixed 
Within the burner 36. The resulting mixture is combusted in 
the burner 36 and the furnace 34 and ?ue gases are formed 
Which are released to the atmosphere by Way of the stack 38. 
A portion of the ?ue gases ?oWing through the stack 38 is 
continuously WithdraWn therefrom by Way of the conduit 19 
connected thereto and is caused to ?oW into the mixing 
chamber 11 as described above. The ?oW control valves 40 
and 41 are utiliZed to control the volume ratios of the ?ue 
gases and ?oW motivating gas mixed With the fuel gas in the 
mixing chamber 11 so that the maximum reduction of 
nitrogen oxides in the ?ue gases produced and vented to the 
atmosphere by Way of the stack 38 is achieved. 
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6 
Referring noW to FIG. 4, the schematic illustration of the 

mixing chamber 11, the combustion air bloWer 42, the 
burner 36, the furnace 34 and connecting conduits is shoWn 
utiliZing the same reference numerals as in FIG. 3. In 
addition, FIG. 4 includes a second mixing chamber 45 
disposed in the ?ue gases conduit 19 at a point betWeen the 
?oW control valve 40 and the mixing chamber 11. A ?oW 
motivating gas inlet conduit 46 is attached to the second 
mixing chamber 45. The ?oW motivating gas inlet conduit 
46 includes a ?oW control valve 48 disposed therein for 
controlling the volume ratio of ?oW motivating gas mixed 
With the ?ue gases in the second mixing chamber 45. 

Referring noW to FIG. 7, the second mixing chamber 45 
is illustrated in detail. The second mixing chamber 45 
includes a ?ue gases passageWay 62 Which communicates 
With a ?ue gases inlet connection 64 attached to one end of 
the mixing chamber 45 and a ?ue gases outlet connection 66 
attached to the other end of the mixing chamber 45. A ?oW 
motivating gas compartment 68 Within the mixing chamber 
45 surrounds the ?ue gases passageWay 62 and is connected 
to a ?oW motivating gas inlet connection 70. The ?ue gases 
inlet and outlet connections 64 and 66 are connected to the 
?ue gases conduit 19 and the ?oW motivating gas inlet 
connection 70 is connected to the ?oW motivating gas inlet 
conduit 46. 
The ?ue gases passageWay 62 diverges toWards the outlet 

connection 66 so that an annular end portion 72 of the ?oW 
motivating gas compartment 68 extends into the ?ue gases 
outlet connection 66. A plurality of ori?ces 74 Which com 
municate the ?oW motivating gas compartment 68 With the 
interior of the ?ue gases outlet connection 66 are spaced 
around the annular end portion 72 of the compartment 68 
Which extends into the ?ue gases connection 66. The ori?ces 
74 function to form ?oW motivating gas jets Within the ?ue 
gases outlet connection 66 so that ?ue gases are draWn 
through the ?ue gases passageWay 62 and mix With the ?oW 
motivating gas Within the ?ue gases outlet connection 66 
and the conduit 19 connected thereto. 
The operation of the apparatus illustrated in FIG. 4 is 

identical to the operation described above for the apparatus 
illustrated in FIG. 3 except that additional ?oW motivating 
gas is mixed With the ?ue gases in the second mixing 
chamber 45 prior to When the ?ue gases are mixed With ?oW 
motivating gas and fuel gas in the ?rst mixing chamber 11. 
The additional ?oW motivating gas is injected into the 
second mixing chamber 45 in the form of a plurality of jets 
Which function to draW additional ?ue gases into the ?ue 
gases conduit 19. The ?oW motivating gas-?ue gases mix 
ture formed in the second mixing chamber 45 is conducted 
to the ?rst mixing chamber 11. The resulting mixture of ?oW 
motivating gas, ?ue gases and fuel gas formed in the ?rst 
mixing chamber 11 is conducted to the burner 36 Wherein 
combustion air is mixed thereWith and the resulting mixture 
is combusted in the burner 36 and furnace 34. The presence 
of the ?oW motivating gas in the combusted mixture further 
dilutes the fuel, reduces the ?ame temperature and reduces 
the content of nitrogen oxides in the ?ue gases discharged 
into the atmosphere. 

Referring noW to FIG. 5, yet another embodiment of the 
invention is shoWn. That is, a schematic illustration of the 
mixing chamber 11, the combustion air bloWer 42, the 
burner 36 and the furnace 34 as Well as the connecting 
conduits is shoWn in FIG. 5 utiliZing the same reference 
numerals as in FIG. 3. In addition, a second ?ue gases 
conduit 50 is connected to the stack 38 of the furnace 34 and 
to an inlet connection in the combustion air bloWer 42 
Whereby additional ?ue gases are draWn from the stack 38 
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through the conduit 50 into the combustion air blower 42 
Wherein they mix With the combustion air. A ?oW control 
valve 52 is disposed in the conduit 50 for controlling the 
volume ratio of ?ue gases mixed With the combustion air. 

The operation of the apparatus shoWn in FIG. 5 is the 
same as that described above in connection With the appa 
ratus illustrated in FIG. 3 except that additional ?ue gases 
are introduced into the burner 36 in admixture With the 
combustion air. The presence of the additional ?ue gases in 
the combustion air functions to further cool the ?ame 
temperature in the furnace 34 and reduce the content of 
nitrogen oxide compounds in the ?ue gases discharged into 
the atmosphere from the stack 38. 

Referring noW to FIG. 6, yet another embodiment of the 
present invention is illustrated. A schematic illustration of 
the ?rst mixing chamber 11, the second mixing chamber 45, 
the combustion air bloWer 42, the burner 36 and the furnace 
34 as Well as the connecting conduits is shoWn in FIG. 6 
utiliZing the same reference numerals as in FIG. 4. In 
addition, the apparatus illustrated in FIG. 6 includes the 
second ?ue gases conduit 50 and the ?oW control valve 52 
disposed therein as illustrated in FIG. 5. 

The operation of the apparatus of FIG. 6 is the same as the 
operation described above for the apparatus illustrated in 
FIG. 4 except that ?ue gases are also mixed With the 
combustion air. That is, ?ue gases and ?oW motivating gas 
are mixed With the fuel gas prior to conducting the resulting 
mixture to the burner 36, and ?ue gases are mixed With the 
combustion air in the combustion air bloWer 42 With the 
resulting mixture being introduced into the burner 36. By 
controlling the volumes of ?ue gases and ?oW motivating 
gas mixed With the fuel gas and the volume of ?ue gases 
mixed With the combustion air, the content of nitrogen 
oxides in the ?ue gases discharged to the atmosphere are 
minimiZed. 

As Will be understood by those skilled in the art, the 
selection of one of the systems of apparatus illustrated in 
FIGS. 3—6 depends on a variety of factors including, but not 
limited to, the siZe of the furnace or furnaces, the number of 
burners utiliZed With each furnace, the form and make-up of 
the fuel, the temperature reached Within the interior of the 
furnace and the like. Based on such factors, the particular 
system of apparatus required to produce the desired loW 
nitrogen oxides content in the ?ue gases discharged to the 
atmosphere is selected. 

The methods of the present invention for reducing the 
content of nitrogen oxides in the ?ue gases produced by the 
combustion of an at least substantially stoichiometric mix 
ture of fuel gas and combustion air introduced into a burner 
connected to a furnace are basically comprised of the 
folloWing steps. Combustion air is conducted from a source 
thereof to the burner. A ?rst mixing chamber is provided 
outside of the burner and furnace for mixing ?ue gases from 
the furnace and a ?oW motivating gas With the fuel gas. The 
fuel gas is discharged in the form a fuel jet into the ?rst 
mixing chamber so that ?ue gases from the furnace are 
draWn into the chamber and mix With and dilute the fuel gas 
therein. The ?oW motivating gas is also discharged into the 
?rst mixing chamber in the form of at least one jet so that 
additional ?ue gases from the furnace and additional fuel 
gas, if needed, are draWn into the ?rst mixing chamber and 
mix With each other and With the ?oW motivating gas. The 
mixture of ?ue gases, ?oW motivating gas and fuel gas 
formed in the ?rst mixing chamber is conducted therefrom 
to the burner Wherein the mixture is combined With the 
combustion air and then burned therein and in the furnace. 
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8 
The above method preferably also includes the step of 
controlling the volume ratios of the ?ue gases and ?oW 
motivating gas mixed With the fuel gas. In addition, the 
method preferably includes the additional steps of providing 
a second mixing chamber outside of the burner and furnace 
for mixing additional ?oW motivating gas With the ?ue gases 
from the furnace, and discharging the ?oW motivating gas in 
the form of at least one jet into the second mixing chamber 
so that ?ue gases from the furnace are draWn into the second 
mixing chamber and mix With the ?oW motivating gas 
therein. Also, the method can include the additional steps of 
controlling the volume ratio of the ?oW. motivating gas 
mixed With the ?ue gases, mixing ?ue gases from the 
furnace With the combustion air conducted to the burner and 
controlling the volume ratio of the ?ue gases mixed With the 
combustion air. 

The methods and apparatus of this invention have been 
shoWn to be signi?cantly more ef?cient than prior art 
methods and apparatus. The recirculation of about 5% of the 
total ?ue gases in accordance With the invention as shoWn in 
FIG. 3 results in a loWer nitrogen oxides content in the ?ue 
gases produced than a system Wherein 23% of the total ?ue 
gases is combined With only the combustion air. Test results 
have indicated that a nitrogen oxides content in the ?ue 
gases of 20 parts per million or less is obtainable utiliZing 
the methods and apparatus of this invention Without steam 
injection, and Without the concurrent use of ?ue gases 
recirculation in the combustion air. When steam injection 
into the ?ue gases is utiliZed in accordance With the present 
invention along With ?ue gases introduction into the com 
bustion air, a ?ue gas nitrogen oxide content of from 8 to 14 
parts per million can be achieved. 

In order to further illustrate the improved results of the 
present invention, the folloWing example is given. 

EXAMPLE 

The apparatus illustrated in FIG. 5 Was tested to determine 
the nitrogen oxides content of the ?ue gases at various ratios 
of ?ue gases mixed With the fuel gas, various ratios of ?ue 
gases mixed With the combustion air and a combination of 
the tWo. The furnace utiliZed in the test Was a 63.5 million 
BTU steam generator. The results of these tests are given in 
the Table beloW. 

TABLE 

Flue Gases NOx Content Using Various Amounts Of 
Flue Gases Mixed With Fuel Gas And/Or Combustion Air 

NOX Content of 
Setting of Flue Setting of Flue Flue Gases 

Test Gases Valve 401, Gases Valve 522, Discharged to 
No. percent open percent open Atmosphere 

1 0% 50% 26 ppm 
2 50% 0% 23 ppm 
3 75% 0% 20 ppm 
4 50% 35% 18 ppm 
5 75% 50% 14 

1Flue gases mixed With fuel gas. 
2Flue gases mixed With combustion air. 

From the above Table, it can be seen that the methods and 
apparatus of the present invention produce ?ue gases having 
unexpected reduced nitrogen oxides content. 

Thus, the present invention is Well adapted to carry out the 
objects and attain the ends and advantages mentioned as 
Well as those Which are inherent therein. While numerous 
changes may be made by those skilled in the art, such 
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changes are encompassed Within the spirit of this invention 
as de?ned by the appended claims. 
What is claimed is: 
1. A method of reducing the content of nitrogen oxides in 

?ue gases produced by the combustion of an at least sub 
stantially stoichiometric mixture of fuel gas and combustion 
air introduced into a burner connected to a furnace com 
prising the steps of: 

(a) conducting said combustion air to said burner; 
(b) providing a ?rst mixing chamber outside of said 

burner and furnace for mixing ?ue gases from said 
furnace and a ?oW motivating gas With said fuel gas, 
said mixing chamber including a fuel gas jet-forming 
noZZle, at least one ?oW motivating gas jet-forming 
de?ector and a venturi and mixing compartment 
therein; 

(c) discharging said fuel gas in the form of a fuel gas jet 
into said ?rst mixing chamber by Way of said fuel gas 
jet-forming noZZle so that ?ue gases from said furnace 
are draWn into said mixing chamber and mix With and 
dilute said fuel gas in said venturi and mixing com 
partment therein; 

(d) discharging a ?oW motivating gas in the form of at 
least one ?oW motivating gas jet into said ?rst mixing 
chamber by Way of said ?oW motivating gas jet 
forming de?ector so that additional ?ue gases from said 
furnace and additional fuel gas, if needed, are draWn 
into said mixing chamber and mix With each other and 
With said ?oW motivating gas in said venturi and 
mixing compartment therein; and 

(e) conducting the mixture of ?ue gases, ?oW motivating 
gas and fuel gas formed in steps (c) and (d) to said 
burner Wherein said mixture is combined With said 
combustion air and burned therein and in said furnace. 

2. The method of claim 1 Wherein said ?oW motivating 
gas is selected from the group consisting of steam, air, 
nitrogen and carbon dioxide. 

3. The method of claim 1 Wherein said ?oW motivating 
gas is steam. 

4. The method of claim 1 Which further comprises the step 
of controlling the volume ratios of said ?ue gases and said 
?oW motivating gas mixed With said fuel gas in steps (c) and 
(d). 

5. The method of claim 1 Which further comprises the step 
of providing a second mixing chamber outside of said burner 
and furnace for mixing additional ?oW motivating gas With 
said ?ue gases from said furnace, and discharging said ?oW 
motivating gas in the form of at least one jet into said second 
mixing chamber so that ?ue gases from said furnace are 
draWn into said second mixing chamber and mix With said 
additional ?oW motivating gas prior to mixing With said ?oW 
motivating gas and fuel gas in accordance With steps (c) and 
(d). 

6. The method of claim 5 Which further comprises the step 
of controlling the volume ratio of said additional ?oW 
motivating gas mixed With said ?ue gases. 

7. The method of claim 1 Which further comprises the step 
of mixing ?ue gases from said furnace With said combustion 
air conducted to said burner in accordance With step (a). 

8. The method of claim 7 Which further comprises con 
trolling the volume ratio of said ?ue gases mixed With said 
combustion air. 

9. A method of reducing the content of nitrogen oxides in 
?ue gases produced by the combustion of an at least sub 
stantially stoichiometric mixture of fuel gas and combustion 
air introduced into a burner connected to a furnace com 
prising the steps of: 
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10 
(a) conducting said combustion air to said burner; 
(b) providing a ?rst mixing chamber outside of said 

burner and furnace for mixing ?ue gases from said 
furnace and steam With said fuel gas, said mixing 
chamber including a fuel gas jet-forming noZZle, at 
least one steam jet forming de?ector and a venturi and 
mixing compartment therein; 

(c) discharging said fuel gas in the form of a fuel jet into 
said ?rst mixing chamber by Way of said fuel gas 
jet-forming noZZle so that ?ue gases from said furnace 
are draWn into said chamber and mix With and dilute 
said fuel gas in said venturi and mixing compartment 
therein; 

(d) discharging steam in the form of at least one steam jet 
into said ?rst mixing chamber by Way of said steam 
jet-forming de?ector so that additional ?ue gases from 
said furnace and additional fuel gas, if needed, are 
draWn into said mixing chamber and mix With each 
other and With said steam in said venturi and mixing 
compartment therein; and 

(e) controlling the volume ratios of said ?ue gases and 
said steam mixed With said fuel gas in steps (c) and (d); 
and 

(f) conducting the mixture of ?ue gases, steam and fuel 
gas formed in steps (c) and (d) to said burner Wherein 
said mixture is combined With said combustion air and 
burned therein and in said furnace. 

10. The method of claim 9 Which further comprises the 
step of providing a second mixing chamber outside of said 
burner and furnace for mixing additional steam With said 
?ue gases from said furnace, and discharging said steam in 
the form of at least one jet into said second mixing chamber 
so that ?ue gases from said furnace are draWn into said 
second mixing chamber and mix With said additional steam 
prior to mixing With said steam and fuel gas in accordance 
With steps (c) and 

11. The method of claim 10 Which further comprises the 
step of controlling the volume ratio of said additional steam 
mixed With said ?ue gases. 

12. The method of claim 9 Which further comprises the 
step of mixing ?ue gases from said furnace With said 
combustion air conducted to said burner in accordance With 
step (a). 

13. The method of claim 12 Which further comprises 
controlling the volume ratio of said ?ue gases mixed With 
said combustion air. 

14. An apparatus for reducing the content of nitrogen 
oxides in ?ue gases produced by the combustion of an at 
least substantially stoichiometric mixture of fuel gas and 
combustion air, said fuel gas being conducted to a burner 
connected to a furnace by a fuel gas conduit and the 
combustion air being conducted from a source of combus 
tion air to the burner by a combustion air conduit, compris 
ing: 

a ?rst mixing chamber for mixing ?ue gases from said 
furnace and a ?oW motivating gas With said fuel gas 
having a fuel gas inlet for connection to said fuel gas 
conduit, a fuel gas jet-forming noZZle for forming a fuel 
gas jet Within said mixing chamber, a ?ue gases inlet 
positioned so that ?ue gases are draWn into said mixing 
chamber by said fuel gas jet, a ?rst ?oW motivating gas 
inlet, at least one ?oW motivating gas jet-forming 
de?ector for forming a ?oW motivating gas jet Within 
said mixing chamber so that additional ?ue gases and 
additional fuel gas, if needed, are draWn into said 
mixing chamber, a venturi and mixing compartment 
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therein for mixing said ?ue gases, said ?oW motivating 
gas and said fuel gas and a ?ue gases, ?oW motivating 
gas and fuel gas mixture outlet; 

a ?rst ?ue gases conduit for connection to said furnace 
connected to said ?ue gases inlet of said ?rst chamber; 

a ?rst ?oW motivating gas conduit for connection to a 
source of ?oW motivating gas connected to said ?oW 
motivating gas inlet of said mixing chamber; and 

a ?ue gases, ?oW motivating gas and fuel gas mixture 
conduit for connection to said burner connected to said 
?ue gases, ?oW motivating gas and fuel gas mixture 
outlet of said chamber. 

15. The apparatus of claim 14 Which further comprises 
means for controlling the volume ratios of said ?ue gases 
and said ?oW motivating gas mixed With said fuel gas in said 
?rst mixing chamber disposed in said ?rst ?ue gases conduit 
and said ?rst ?oW motivating gas conduit. 

16. The apparatus of claim 15 Wherein said means for 
controlling the volume ratios of said ?ue gases and said ?oW 
motivating gas to said fuel gas are comprised of ?oW control 
valves. 

17. The apparatus of claim 14 Which further comprises a 
second mixing chamber for mixing ?oW motivating gas With 
said ?ue gases from said furnace having a ?oW motivating 
gas inlet for connection to a source of ?oW motivating gas 
and for forming a ?oW motivating gas jet Within said second 
mixing chamber, a ?ue gases inlet connected to said ?rst ?ue 
gases conduit positioned so that ?ue gases from said furnace 
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are draWn into said second mixing chamber by said jet, a 
?oW motivating gas-?ue gases outlet connected to said ?rst 
?ue gases conduit and a ?oW motivating gas conduit for 
connection to a source of ?oW motivating gas connected to 
said ?oW motivating gas inlet of said second mixing cham 
ber. 

18. The apparatus of claim 17 Which further comprises 
means for controlling the volume ratio of said ?oW moti 
vating gas mixed With said ?ue gases disposed in said ?oW 
motivating gas conduit. 

19. The apparatus of claim 18 Wherein said means for 
controlling the volume ratio of said ?oW motivating gas 
mixed With said ?ue gases comprises a ?oW control valve. 

20. The apparatus of claim 14 Wherein said source of 
combustion air is a combustion air bloWer. 

21. The apparatus of claim 20 Which further comprises a 
second ?ue gases conduit for connection to said furnace and 
to said combustion air bloWer so that ?ue gases are mixed 
With said combustion air. 

22. The apparatus of claim 21 Which further comprises 
means for controlling the volume ratio of said ?ue gases 
mixed With said combustion air disposed in said second ?ue 
gases conduit. 

23. The apparatus of claim 22 Wherein said means for 
controlling the volume ratio of said ?ue gases mixed With 
said combustion air comprises a ?oW control valve. 

* * * * * 


